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Variational Bias Correction

Cost function for 3D-Var Data Assimilation:

J(~x) =

Jb︷ ︸︸ ︷
1

2
(~x − ~xb)T ~B−1(~x − ~xb) +

Jo︷ ︸︸ ︷
1

2
(H(~x) − ~y)T ~R−1(H(~x) − ~y)

y = Tb + εr + εs
εs is the random error (R) and εs is known as observation bias or
representativeness error that is taken into account using the variational
bias correction:

εs =
N∑

k=1

βkpk + bangle

The control variables (pk) include cloud liquid water (CLW); temperature
lapse rate; and the square of the temperature lapse rate.
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Variational Bias Correction
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1486 Y. Zhu et al.

Figure 5. OmF before (upper panels) and after (lower panels) bias correction of AMSUA channel 3 on NOAA-18 at 0000 UTC on 10 July 2012 for experiments CTL
(left panels) and RBC (right panels). The units are degrees.

However, caution has to be exercised and careful study needs
to be conducted. In this subsection, the results of experiment
RBC are examined, with a focus on the variational angle bias
correction.

In the GSI data assimilation system, quality control is
performed on bias-corrected radiance data and, in turn, only the
radiance data passing quality control are assimilated in the GSI and
hence contribute to the generation of analysis variables and bias-
predictor coefficients. Since quality control and bias correction
interact strongly with each other, it is important to include
information from a sufficient number of scan positions to define
the fitting function adequately for an appropriate initialization
of radiance bias correction. The initialization approach used
in the enhanced scheme RBC is to derive the first guesses of
the coefficients by fitting the bias correction to OmF from
previous runs. If the number of scan position is insufficient,
then the solution to the scan-position bias term could contain
information aliased from other sources. This will result in
poorly derived bias-correction estimates and consequently will
lead to acceptance/rejection of bad/good observations into the
assimilation system. Figure 6 displays the assimilated observation
number of AMSUA on METOP-A at each scan position accepted
into the first three analysis cycles in experiments CTL (upper)
and RBC (lower), respectively. Compared with the channel 1
observation numbers (left panels) in the control experiment
CTL, experiment RBC allows slightly fewer observations to enter
the analysis at the first analysis cycle. However, it is shown that
the initialization works effectively with regards to passing data
into the analysis minimization from all scan positions and that
observation numbers stabilize quickly to amounts comparable to
those in the control experiment. Note that the overall shape
of the scan-angle dependent numbers, with larger numbers
on the edge and smaller numbers in the centre, is due to
the data-thinning algorithm. The thinning box resolution is
145 × 145 km2. Channel 6 (right panels) behaves much better,

with a similar amount of observations passing the quality control
in the control and variational angle bias-correction experiments
at the very first analysis cycle.

The adjustment process is also reflected in the evolution of
angle bias correction. Figure 7 displays the angle bias correction
of AMSUA on METOP-A for the first (0600 UTC on 5 July
2012, solid line), second (1200 UTC, dot–dashed line) and third
(1800 UTC, dashed line) analysis cycles in experiment RBC.
Although channel 6 (right panel) reaches a reasonable level
of angle bias correction at the first cycle, it may take several
more cycles, or even longer, for other channels like channel 1
(left panel) or lower peaking IR channels (figure not shown)
to become stabilized, due to fewer observations passing quality
control.

Figures 8 and 9 show, for MetOp-A AMSUA channels 1 and 6
respectively, the angle bias correction terms (left panels) and total
bias correction (right panels) for 0000 UTC on 10 July 2012, five
days into the experiment period. The angle bias-correction terms
in experiments CTL and RBC exhibit the same patterns but offset,
as the enhanced scheme predictors shown are all zero at nadir.
The total bias corrections for channel 6, however, are comparable
for these two experiments, while channel 1 has a smaller negative
total bias correction in experiment RBC compared with CTL.
As MetOp-A AMSUA channel 1 is actively assimilated over
both ocean and land in the GSI, the different behaviour for
channel 1 versus channel 6 seems to have something to do
with a combination effect of quality control and bias correction.
As mentioned earlier, either the data samples or first guesses
are changed between CTL and RBC, but the OmF fields after
bias correction are quite similar. On the other hand, we do
expect some differences between the original and enhanced
schemes on bias correction for some individual channels. The
new approach for background-error variance update will affect
channel 1 more than channel 6, due to stricter quality control and
larger CLW bias impact on channel 1. Moreover, unlike the single

Published 2013. This article is a U.S. Government work
and is in the public domain in the USA. Q. J. R. Meteorol. Soc. 140: 1479–1492 (2014)

Zhu et al (2014)
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Issues in Variational Bias Correction?

εs = Obse + RTe + Cole

variational bias correction does not distinguish between the
model error and the observations error

in variational bias correction, the RT and collocation errors are
counted as observations error

biased NWP fields or some biased observations could lead to the
over-correction of good observations

AMTD
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Figure 3. Same as Fig. 2, but for the middle-to-upper troposphere.
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Collocation Error
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Clouds and Surface Emissivity
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Radiometric
Error

Isaac Moradi (ESSIC, UMD) Assimilation of MW WV Channels March 22, 2016 12 / 28



Quantifying Radiometric Error
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Corrected MHS/AMSU-B
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Validation
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L1b Bias Correction
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GMAO Total Bias Correction
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Assimilation of
All-Weather

MW
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Assimilation of All-Weather MW Using BMCI
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Enhanced use of all-sky microwave observations
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Figure 12: As Fig. 11 but for AMSR-E channel 19v.

16 Research Report No. 20

C37 is the cloud index derived from polarization difference (one minus v-h all sky divided by v-h clear) 
C37 varies from 0 for clear-sky to 1 for opaque clouds

37 v 37 v

19 v 19 v 19 v

Black: observed, Red:
bias-corrected FG for
AMSR-E 37v. C37 is the
cloud index derived from
polarization difference (one
minus v-h all sky divided by
v-h clear) C37 varies from 0
for clear-sky to 1 for
opaque clouds (Geer and
Bauer, 2010).
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Conclusions

variational bias correction technique does not distinguish between
error sources - errors may compensate for each other

variational bias correction does not especially work for water vapor
channels because of large error in the NWP water vapor fields

more robust and physical bias correction techniques are available that
can quantify different components of the representativeness error

some preliminary results are presented but more work is required to
properly validate the impact of bias corrected observations on the
system
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Thank you for
your attention!
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